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*Sensor nodes on WSNs are operating with limited battery-power. The battery-power is one of important 
parts for wireless sensor networks since it is difficult to replace batteries with new ones in large-scale wireless 
networks Generally, at sensor networks, gathered data is sent to a fixed base station [1][2]. Since data 
transmission and reception consume most of node energy, middle nodes on the data relaying paths consume 
more energy when they forward packets to the base station. Especially, a node near to the base station should 
relay packets from other nodes and deplete its own energy earlier than other nodes. This is the crucial reason 
to shorten the network life time. 
Recently, there are some researches for a mobile sink, which doesn’t reside at a fixed location but moves 
around whole network area to collect data. Shah has proposed a mobile observer, data Mobile Ubiquitous 
local area network Extensions(MULEs) to collect data from sensors directly, save data its own memory, and 
upload data to the base station[3]. It is adapted for wide area to move around and monitor the area. For 
applications of battle field, traffic monitoring, wild animal research, and pollution control, data gathering 
point is not fixed but changed depending on the situation. For these cases, a receiver sensor could be attached 
to a mobile robot, a vehicle, an animal, or a human. And it requests data and collects data from different types 
of mobile infrastructure. 
Since a mobile sink is an external device to WSNs, the power consumption of for the movement and 
operation of the mobile sink doesn’t affect the lifetime of WSNs. Periodically the mobile sink returns to the 
base station to upload collected data to process data and recharge its battery-power to make next travel. The 
mobile sink gets data from sensor nodes at some predefined locations. This data collection scheme is called 
MDG (mobile data gathering) and gathering position is called polling point [4]. The mobile sink collects just 
once from each node by traversing sensor networks, and this trip is called round. The major advantage of the 
mobile sink method is to reduce the energy consumption of nodes in WSNs is saved since it can approach 
near sensors to collect data directly or through short hops. 
This paper proposes an energy efficient data collection method using a mobile sink and clustering sensors 
for large wireless sensor network. Before collecting data, a mobile sink clusters sensor network using K-
means [18] algorithm and calculates traveling. The greedy algorithm is used to calculate traveling paths of the 
mobile sink. When the mobile sink arrives to a cluster, it broadcasts message to cluster members. The 
message contains the identification number of each node in the cluster. The node which has received 
broadcast message and matches it’s ID, replies its collected data to the mobile sink. 
The disadvantage of the mobile sink is that data gathering time is longer than a stationary sink because it 
should travel entire wireless network area. There is a possibility to lose data if the mobile sink does not visit at 
the right time. Time-sensitive applications, which require fast gathering capability, is required to reduce the 
number of clusters even if it causes high energy consumption. If the transmission radius is expanded, 
forwarding hops are reduced but the energy consumption of nodes will be increased. There exists a trade-off 
between traveling time and its network lifetime. 
2. Related work 
LEACH proposes for a stationary sink with the clustering protocol for applications which gather data 
periodically [5].  In LEACH, a node becomes a head node by itself based on the probability. LEACH uses the 
balanced energy consumption strategy of nodes. For one-hop transmission to stationary sink, the head node 
needs the high transmission power because of the distance. If the head node sends data through multi-hop to 
the sink, unbalanced energy consumption of sink-nearby sensors is inevitable.   
Recently the mobility of wireless sensor networks has been conducted in many papers. Juang has used 
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mobile nodes with a radio-tagged to collect sensed data of animals such as zebras and whales [6]. These nodes 
attached to animals move around randomly in the field. When animals move close to each other and sensed 
data are exchanged. Shah and et. el. present that mobile nodes called MULEs(data Mobile Ubiquitous Local 
area Extensions. It collects sensed data from sensor nodes in short distance and save them in its memory.  It 
uploads collected data of all nodes to the base station [3]. Shah and et. el. implement the movements of 
MULEs by modelling as 2 dimensional random walks. However, one drawback of this approach is the latency 
of data collection because MULEs has to travel each sensor node to collect sensed data. Kansal et al. proposes 
a mobile sink idea. The mobile sink moves along on the designated line and collects sensed data of nodes [7]. 
This idea is expanded to applications. Several mobile sinks moves on the designated lines in parallel and 
collect sensed data from sensor nodes in parallel [8]. In order to reduce data collection latency, the mobile 
sinks receive packets relayed from some wireless sensor nodes, which cannot be communicated directly. 
Sencar proposes the method for optimizing the trajectory of sink [9]. It minimizes the energy consumption by 
building the trajectory where nodes can reach to the mobile sink by load balanced hops. 
3. Proposed method 
In this section, we introduce novel data gathering method based on clustering method and a mobile sink. 
The proposed method uses clustering concept to get energy efficiency. The mobile sink visits every cluster 
and gets sensed data of wireless sensor nodes. After it finishes data collection, it returns to a base station and 
uploads collected data to the base station. 
3.1. Clustering phase 
At the beginning of the proposed method a mobile sink divides the sensor network into clusters. To 
perform clustering, K-means clustering algorithm is applied.  For large WSNs, this algorithm is 
computationally faster than hierarchical clustering and also produce tighter cluster, especially if clusters are 
globular.  
3.1.1. K-means algorithm  
The number of clusters is predefined using the K-means clustering algorithm and clustering process is 
divided into 4 steps below. 
Step 1. If WSNs are divided into ‘k’ clusters, k clusters are defined in advance at random places. These 
random places are the center of each cluster. 
Step 2.  Calculate the Euclidian distance from each node to the center of its cluster. Attach it to nearest 
cluster center. Through this calculation ‘k’ initial clusters are built. Assume that, there are n nodes taken such 
that each one of them relates to Rd. To find the minimum difference clustering of these nodes into k clusters, 
the centers of k clusters are searched in { mj }k j = 1 in Rd such that, 
ቀଵ
௡
ቁ ݔ σ ቀ݉݅݊ ݀ଶ ൫ ௜ܺ ௝݉൯ቁ ǡ  for i = 1 to  n,                                           (1) 
where d (Xi , mj) is the Euclidean distance of two points Xi and mj. The points {j}k i=1 are known as the 
center of clusters. 
Step 3.  Calculate again each cluster center position and check for the position change.  
Step 4.  If there is no difference in position of any center of cluster, the clusters are selected and the 
clustering process finishes. Otherwise repeat Step 2. 
The mobile sink knows locations of all sensor nodes using GPS or position estimating algorithms. The 
mobile sink performs clustering algorithm and saves center location of each cluster. The mobile sink will visit 
center point of each cluster. Based on these locations, the mobile sink calculates its visiting points to gain 
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optimal total travelling time using heuristic Travel Salesman Problem (TSP). After clustering sensor networks 
and calculating TSP, the mobile sink moves along predefined position by TSP. 
3.2. Data gathering 
The mobile sink travels entire sensor networks in trajectory which was calculated before starting its data 
collection travel. As soon as, the mobile sink gets its predefined position, which is cluster center, it broadcasts 
a message to cluster members and waits for an acknowledge message. The broadcast message contains the ID 
number of cluster members. Sensor nodes receive a broadcast message and check the message. If sensor 
nodes find their node ID in the broadcast message, they reply back by sending an acknowledge message to the 
mobile sink and becomes member node. Otherwise the sensor node ignores the broadcast message. As soon as 
the mobile sink finishes data gathering process from the cluster members and it continues its travel. Next data 
collection point will be a following cluster calculated by TSP. After visiting all clusters, the mobile sink stops 
to the base station and uploads its collected data to the base station.  In Fig. 1, the mobile sink travels the 
center of each cluster. 
 
Fig. 1. After clustering WSNs and data collection points of the mobile sink 
4. Performance evaluation 
To evaluate the proposed method, simulation NS2 is used. Wireless sensor nodes are uniformly distributed 
in the field of 100m x100m area. The location information of sensors is assumed to be obtained during the 
network deployment phase as Sencar[9]. Table 1 shows the simulation parameters to evaluate the 
performance. Each node has the initial energy of 2 Joules. 
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Table 1. Simulation parameters 
 
Parameter                                      Value  
Network dimension                       from(0,0) to (100,100)  
Number of sensors                       50            
Start point                                     (0, 0)  
The speed of Mobile sink             10 m/s  
Einit                                                        2 Joules  
 
  
Fig. 2. Power dissipation of sensor networks 
For comparison, we used LEACH algorithm in the simulation. The simulation results show that the 
proposed method performs more energy efficiency than LEACH. In LEACH algorithm, the cluster head of 
every cluster spends much more energy to transmit gathered data to the base station. It might decrease 
network lifetime. But the proposed method extends the use of power consumption. Also using TSP algorithm 
reduces total travelling time. Fig. 2 shows the average network lifetime of WSNs by time using the proposed 
method and LEACH. In comparison, the proposed method extends network lifetime of WSNs. In LEACH 
network stops at 23th round since some nodes exhaust the battery-power, the proposed method extends the 
network lifetime to four more rounds.  
5. Conclusion 
One of the important factors in WSNs is the network lifetime that is tightly dependent on energy 
consumption during data gathering process. Moreover, unbalanced energy consumption impacts on whole 
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network lifetime of WSNs. The novel data gathering method uses a mobile sink to increase fair use of energy 
consumption at wireless sensor nodes and to extend the network lifetime of WSNs.  
The performance of the proposed method is evaluated and compared with that of LEACH algorithm under 
same simulation conditions. The simulation result shows the effectiveness of energy consumption in proposed 
method specifically network lifetime increased to about 15% compared with LEACH. 
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